Abstract. Visceral leishmaniasis was first reported in Bhutan in 2006. We conducted studies of the parasite, possible vectors and reservoirs, and leishmanin skin test and risk factor surveys in three villages. Nineteen cases were reported from seven districts. Parasite typing yielded two novel microsatellite sequences, both related to Indian L. donovani. In one case village, 40 (18.5%) of 216 participants had positive leishmanin skin test results, compared with 3 (4.2%) of 72 in the other case village and 0 of 108 in the control village. Positive results were strongly associated with the village and increasing age. None of the tested dogs were infected. Eighteen sand flies were collected, 13 Phlebotomus species and 5 Sergentomyia species; polymerase chain reaction for leishmanial DNA was negative. This assessment suggests that endemic visceral leishmaniasis transmission has occurred in diverse locations in Bhutan. Surveillance, case investigations, and further parasite, vector, and reservoir studies are needed. The potential protective impact of bed nets should be evaluated.
INTRODUCTION
Seventy percent of the world's burden of visceral leishmaniasis (VL) occurs in the Indian subcontinent, comprising an estimated 162,000 to 314,000 annual cases. 1 Recognized endemic VL transmission is concentrated in the Indian states of Bihar, West Bengal, Jharkand, and Uttar Pradesh, western and central districts of Bangladesh, especially Mymensingh, and in the southeastern Terai region of Nepal along the border with Bihar. However, historically the disease affected a larger area of the subcontinent. Assam, in northeastern India, suffered a devastating epidemic in the late 19th century of a disease then called "Assam fever" and later identified as VL. 2 Early in the 20th century, transmission was documented to occur as far south as Madras, where the etiological agent Leishmania donovani was first described. 3 Clearly, the conditions that allow VL transmission are widespread in the Indian subcontinent. In recent years, sporadic cases of VL have been reported in the Himalayan foothills in the states of Himachal Pradesh, Jammu, and Kashmir, and once more in Assam. 4, 5 In 2006, several cases of suspected VL were reported in the Himalayan nation of Bhutan, which shares borders with the Indian states of West Bengal and Assam. An investigation carried out in July 2007 detailed nine suspected cases; two were confirmed by the finding of typical amastigotes on smears of bone marrow aspirate and six were documented to have responded to antimonial treatment. 6 The presence of known vector sand flies was also confirmed. This investigation suggested the presence of locally acquired VL cases in Bhutan for the first time. More cases were reported in 2009 and 2010, prompting the current investigation. To elucidate the nature of transmission and assess the increasing number of reported cases, the World Health Organization (WHO) undertook an assessment of VL in Bhutan in March 2011. The results of the investigation are presented in this publication.
MATERIALS AND METHODS
Rapid epidemiological assessment. The rapid assessment included review of VL cases registered by the Ministry of Health of Bhutan, visits to hospitals where VL cases had been diagnosed, and interviews with hospital authorities and treating physicians. Diagnostic bone marrow slides were examined when available. We considered a case of VL to be confirmed if the diagnosis was based on visualization of parasites on bone marrow smear or on the positive rK39 rapid test and recorded clinical resolution with antileishmanial therapy. We considered a case as probable VL if the case was reported as VL in the Ministry of Health surveillance data but the confirmatory details were lacking. Study communities were selected based on the presence of confirmed VL cases and the feasibility of traveling to the site within the time allotted for the investigation. In each site, residents were asked to gather at a central location on two occasions 48 hours apart. The investigation was explained to community leaders by a team member fluent in the local language and their formal written consent was obtained before initiating the individual consent process. Subsequently, written informed consent was obtained from each participant; parents or guardians were asked to consent for children. Demographic and epidemiological data were collected using structured household level and individual level questionnaires. All consenting participants 2 years of age or older were asked to participate in a leishmanin skin test (LST) survey. The LSTs were applied and read by health care providers with experience in intradermal test application following standard methods: 0.1 mL of Leishmania major antigen (produced under conditions of good manufacturing practices by Pasteur Institute, Tehran, Iran) was injected intradermally on the volar surface of the forearm; 48-72 hours later, induration was measured in two perpendicular directions using the "ballpoint pen" method. 7 Following the international consensus definition, the LST was considered positive if the mean of the two measurements was 5 mm or greater. 8, 9 The Institutional Review Board of the Centers for Disease Control and Prevention reviewed the protocol and determined that the activity met the criteria for an outbreak investigation, and as such was not classified as research and did not require formal Institutional Review Board approval.
Human samples. The diagnostic slides consisting of Giemsastained bone marrow smears were collected from several hospitals with reported cases of VL. They were comprehensively examined with an optical microscope at low power for amastigote forms, which were confirmed at 1,000 + magnification. Each slide was then submerged for 1 hour in xylene to remove any trace of immersion oil. Slides were allowed to dry and the area of the bone marrow smear was covered with NET10 buffer (10 mM NaCl, 10 mM EDTA, 10 mM Tris HCl, pH 8.0). The material was removed by scraping, collected in a 1.5 mL eppendorf tube, and the NET10 volume filled to 200 μL for DNA extraction and further polymerase chain reaction (PCR) analysis.
Canine samples. To assess whether the dog plays a reservoir role, in this focus a serological and parasitological investigation was carried out in a convenience sample of domestic dogs from Karuna House canine shelter, located in the outskirts of Trashigang, the district from which one of the human cases was derived. All dogs underwent clinical examination by a local veterinarian supervised by team members with experience in canine leishmaniasis (CanL). The following signs, compatible with CanL, were sought: skin lesions, lymph node enlargement, onychogryphosis, weight loss, and alopecia. For serological and PCR analysis, peripheral blood samples were collected in EDTA-containing tubes. A single popliteal lymph node aspirate was collected in a tube containing 200 μL NET10 plus 5 μg gentamicin. Informed consent was obtained from the canine shelter responsible before clinical examination and sampling of the dogs.
Serological diagnosis. Two different procedures were used to detect anti-Leishmania antibodies in dog samples: 1) rK39 immunocromatographic test (rK39-ICT) on peripheral blood and plasma samples (25 μL), according to the procedure described by the manufacturer (Kalazar Detect Rapid Test, InBIOS International, Seattle, WA); and 2) immunofluorescence antibody test (IFAT) on plasma (1 μL) following a standard method, using 10 μL of 2 + 10 7 Leishmania infantum promastigotes/mL in 1 + phosphate buffered saline per well as antigen (reference strain MHOM/FR/78/LEM-75). The IFAT threshold titer for positivity was 1/160. 10 Collection of sand flies. Sand flies were collected using Centers for Disease Control and Prevention (CDC) miniature light traps in four different locations in Mongar and Trashigang. The traps were placed overnight inside houses and storehouses for cereals and also at peridomestic locations such as chicken and cow shelters. The sand flies collected were preserved according to the capture site in eppendorf tubes containing silica-gel matrix until identification and further molecular analyses. Before morphological identification the last abdominal segments of females were cleared in Marc André solution; the whole body of males, head and last abdominal segment of females were mounted in Canada balsam. Identification was based on the morphology of the male genitalia and female head and spermatechae; the keys described by Lewis were followed. 11, 12 The remaining carcasses of the females were ground separately in 50 μL NET10 buffer and preserved for further DNA extraction and PCR analyses.
Molecular analyses. A classical DNA extraction procedure with phenol-chloroform and ethanol precipitation was applied to all of the specimen types, which consisted of 1) scrapings from human bone marrow aspirate slides, 2) 200 μL peripheral blood from dogs, 3) 200 μL lymph node aspirate from a single dog, and 4) the ground carcasses of female sand flies. The obtained DNA was eluted in 50 μL sterile distilled water in the case of smears and sand flies and in 100 μL in the case of peripheral blood and lymph node aspirates. Five μL of DNA were used for each PCR assay.
Leishmanial DNA detection in canine samples, human bone marrow smears, and female sand flies was attempted by three PCR methods targeting different regions of the Leishmania genome: ITS1 and ITS2 using the primer pairs LITSR (5 -CTGGATCATTTTCCGATG-3 )/L5.8S (5 -TGATACC ACTTATCGCACTT-3 ) and L5.8SR (5 -AAGTGCGATA AGTGGTA-3 )/LITSV (5 -ACACTCAGGTCTGTAAAC-3 ) as described by Kuhls and others 13 and hsp70 gene using the primer pair HSP70sen (5 -GACGGTGCCTGCCTACTTC AA-3 )/HSP70ant (5 -CCGCCCATGCTCTGGTACATC-3 ), as described by Fraga and others. 14 The 18SrRNA gene from female sand flies was amplified using the primer pair Lu.18S 1S (5 -TGCCAGTAGTTAT ATGCTTG-3 )/Lu.18S AR (5 -CACCTACGGAAACCTTG TTAC-3 ) as described elsewhere. 15 The PCR products were run on 1.5% agarose gels stained with ethidium bromide and visualized under UV light.
DNA sequencing. Direct sequencing of the Leishmania positive ITS1, ITS2, and hsp70 PCR products, and sand fly 18SrRNA gene was performed with the corresponding forward and reverse primers. Internal primers for sequencing were also used for hsp70, as described elsewhere.
14 For the sand fly 18SrRNA gene, internal primers for sequencing were designed for this study based on conserved sequences of Phlebotomus and Lutzomyia species (Table 1) . Before DNA sequencing the PCR-positive products were excised from agarose gels and purified using the QIAquick Gel Extraction Kit (QIAGEN, Qiagen Iberia SL, Spain). The Big-Dye Terminator Cycle Sequencing Ready Reaction Kit V3.1 and the automated ABI PRISM 377 DNA sequencer (Applied Biosystems, Foster City, CA) were used. Sequences obtained were analyzed and edited using the software BioEdit Sequence Alignment Editor, version 7.0.9.0. 16 DNA sequence analyses. The hsp70 sequences were compared with L. infantum (GenBank accession nos.: FN395031-33) and L. donovani (GenBank accession nos.: FN395027-29) sequences reported by Fraga and others.
14 ITS1 and ITS2 sequences were also compared with sequences retrieved from the GenBank, which are representative of the different ITS types described by Kuhls and others and the ITS1 and ITS2 sequences from a Leishmania donovani strain (MHOM/IN/ 1983/CHANDIGARH) isolated in Himachal Pradesh, India, not included in Kuhls'study. 13 For comparison these sequences were aligned with BioEdit Sequence Alignment Editor using the ClustalW multiple alignment algorithm and were manually adjusted. Details of the sequences used for this comparison are given in Table 2 .
Phylogenetic analysis. Phylogenetic analysis based on the nucleotide sequences of the Leishmania ITS1 and ITS2 was performed based on maximum parsimony using the PHYLIP software package (PHYLogeny Inference Package), version 3.69. 17 To test the robustness of the internal branches generated, we performed bootstrap analysis using 1,000 replications.
RESULTS
A total of 8 confirmed and 11 probable VL cases were reported to the Ministry of Health from 2005 through March 2011 (Table 3 ). The cases were widely dispersed: nine cases were reported from Mongar, four from Trashiyangste, two from Samtse, and one each from Lhuenste, Tsirang, Trashigang, and Zhemgang districts (Figure 1 ). Interviews were conducted with four patients who had been treated for VL since 2009 (cases 14, 16, 17, and 18 in Table 3 Five bone marrow slides from four patients were available for microscopic examination and molecular testing (Table 4) . Amastigotes were visualized on all five slides, and four yielded positive results by at least one molecular assay. Sparse parasites were visualized in the post-treatment specimen from patient 18, and this specimen was negative by all molecular assays. Two specimens (patients 18 and 19) yielded a positive result by hsp70 PCR; their sequences, submitted to GenBank under the accession JQ729999 and JQ730000, respectively, were 100% consistent to L. donovani. All pretreatment specimens returned a positive result by ITS1 PCR, whereas only two had positive results by ITS2 PCR. Two genetic groups could be distinguished based on the polymorphic microsatellite regions included in the ITS1 sequence; specimens from patients 9, 14, and 18 presented identical sequences, whereas a distinct sequence was found in the specimen from patient 19 ( Figure 2) . Neither of the ITS types identified for Bhutanese clinical isolates in this analysis have been previously described; the same applies for the CHANDIGARH isolate. These specimens represent three ITS types different from those (A-H) described previously in the L. donovani complex. 13 Complete sequence of both ITS1 and ITS2 was obtained only for samples from patients 18 and 19; these findings were included in the phylogenetic analysis together with sequences from other L. donovani complex strains shown in Table 2 . The phylogenetic analysis revealed that Bhutanese isolates included in this study, as well as CHANDIGARH strain, are closely related to Indian isolates belonging to the ITS type H (99% bootstrap value); details are shown in Figure 3 .
Two communities, Ozorong (Trashigang, altitude 2,000 m) and Sunkosh (Tsirang, altitude 1,300 m), were chosen for the LST survey based on the presence of VL patients 18 and 14, respectively. A third community, Sunkosh Bazar (Tsirang), located close to one of the study communities, was also included in the survey to provide a comparison group. The two study sites were located in distinct ecological zones, Ozorong in higher altitude hilly pine forests and Sunkosh in a lower altitude humid area near a large river. Demographic data were collected and a LST was applied for a total of 426 individuals, 236 from Ozorong, 76 from Sunkosh, and 114 from Sunkosh Bazar (Table 5) . No other VL patients were identified in any of the study communities. Of the 426 individuals who had LST placed, 396 (93.0%) returned 48 hours later to have the test evaluated. Complete data (household level, individual level and LST results) were available for 349 individuals. Among those with LST results available, household level data were missing for 6 (1.5%) and individual data for 41 (10.4%) participants. Data for children were sparse from Sunkosh village because of the greater distance from the village to the gathering place used; adults and older children were more likely to participate than young children. By contrast, the gathering place in Ozorong was within the village, facilitating participation of all age groups. The prevalence of positive results by LST was strikingly different by community: in Ozorong, 40 (18.5%) of 216 participants had positive results, compared (Table 6 ). Participants 16-45 years of age were nearly three times and those older than 45 years of age six times as likely to have positive LST results compared with children 15 years of age or younger. The pattern of rising prevalence with age was particularly marked in Ozorong (Figure 4 ; χ 2 for trend 12.83, P 0.001). Because there were also consistent differences between Ozorong and the other two communities in terms of bed net ownership and use, livestock and housing materials constituting epidemiological confounding, we were unable to disentangle the effects of these factors from the risk associated with the village of residence. Twenty-five dogs were included in the study. Most of the dogs (17 of 25) were between 1 and 3 years of age, five 1 year of age and three 3 years of age. With the exception of lymph node enlargement (20 of 25) the presence of other clinical signs was scarce: skin lesions (4 of 25), onychogryphosis (1 of 25), weight loss (1 of 25), and alopecia (2 of 25). Only five dogs presented two or more clinical signs. The rK39-ICT in blood and plasma, IFAT in plasma, and PCR in blood yielded negative results for all dogs. Lymph node aspirate was collected only from one dog, and it also returned a negative result by PCR.
A total of 18 sand flies were collected from the four different trapping locations; 14 flies were trapped in Mongar district and 4 in Trashigang. Thirteen were Phlebotomus species (8 males and 5 females), and 5 were Sergentomyia species (2 males and 3 females) ( Table 7) . Because the sand flies were not prepared and mounted just after collection and were preserved in dry (silica-gel matrix), not all morphological characters were readily distinguishable, details are presented in Figure 5 . Leishmanial DNA detection was negative in all female specimens. The 18SrRNA gene DNA sequence was obtained for 7 out of 8 females and submitted to the GenBank under the accession numbers indicated in Table 7 .
DISCUSSION
This rapid assessment suggests that endemic VL transmission has occurred in diverse locations in Bhutan. The Leishmania species found in the specimens studied was L. donovani, including at least two distinct genotypes. Results from DNA sequencing and the phylogenetic analysis indicate that these parasites are closely related to Indian L. donovani isolates, especially ITS type H. Studies using multilocus microsatellite typing show that L. donovani isolates from the Indian subcontinent are more genetically homogeneous than those from other regions. 20 Nevertheless, some degree of genetic variability has been observed using multilocus microsatellite typing and other genetic markers among isolates from the Indian subcontinent. [21] [22] [23] The molecular data from this preliminary study is not sufficient to identify the origin of the parasites. One of the microscopically confirmed bone marrow smears was negative for all the molecular tests used, but this is not surprising as this post-treatment specimen had a very low parasite load. Two additional smears were also negative for hsp70 PCR and ITS2, although positive for ITS1 PCR. This finding may reflect the higher sensitivity of the ITS1 primers, which amplify a shorter target (320 bp for ITS1 versus 740 bp for ITS2) with higher copy numbers than hsp70 (~1300 bp). Although Giemsa-stained smears are considered a good sample for PCR analysis, not all microscopically confirmed slides will return a positive result. 24, 25 Whether the ITS genetic profiles found in the Bhutanese isolates are specific to Bhutan or not remains unclear. However, these isolates form a cluster supported by a bootstrap value of 99% with CHANDIGARH strain, which was isolated far from Bhutan The most parsimonious tree found by heuristic search is presented; it was inferred by parsimony analysis of the nucleotide sequences of ITS1 and ITS2. The numbers above the branches indicate the percentages with which a given branch is supported in 1,000 bootstrap replications. The ITS types are those referred by Kuhls and others. 13 and in year 1983. A more conservative interpretation would be that they reflect part of the variability of parasites from the Indian subcontinent.
The presence of P. argentipes has previously been documented in Bhutanese communities above 2,000 m altitude. 6 In the current assessment, we found a much higher prevalence of positive LST results in higher altitude Ozorong than in the lower region of Sunkosh. We initially suspected the Ozorong patient might have become infected when he traveled to the area bordering India and thus introduced the parasite into his village, but the LST age prevalence pattern was inconsistent with a single recent introduction. The pattern of rising prevalence with age is characteristic of long-standing circulation of the parasite in the community. [26] [27] [28] [29] The paucity of overt kalaazar cases in this community is unusual for anthroponotic transmission based on epidemiological studies in India and Bangladesh. [30] [31] [32] The explanation is not clear, but could include the possibility of transmission from asymptomatically infected humans, or an unidentified animal reservoir. None of the dogs studied in the Trashigang canine shelter showed any marker of Leishmania infection, but the sample size was too small to yield a definitive answer regarding a potential canine reservoir role.
The low numbers of sand fly captures during this study was not unexpected, given that they were carried out in March, which is probably early in the sand fly season. We have identified five Phlebotomus longiductus specimens, a suspected vector of visceral and cutaneous leishmaniasis in Satluj river valley in Himachal Pradesh, India, but also of visceral leishmaniasis in China. [33] [34] [35] [36] Additionally, two specimens of Phlebotomus major and six of Phlebotomus kiangsuensis were found, these being proven or possible vectors of different forms of leishmaniasis in the Old World, particularly in China and India. [33] [34] [35] 37, 38 All five Sergentomyia specimens were identified as S. barraudi, a species also described in Sichuan and Hubei provinces, China.
38,39 Interestingly, we found no P. argentipes specimens, which were collected in July in the previous study, 6 perhaps because our captures were performed in the early spring. It is noteworthy that these and previous findings indicate the presence of several putative vectors of leishmaniasis in Bhutan. However, to date none of the captured sand flies has been shown to be infected by Leishmania and the vector remains unidentified.
The remarkable difference in prevalence of positive LST results between Ozorong and Sunkosh is also intriguing but not fully elucidated by this analysis. We hypothesized that the much higher bed net usage in Sunkosh, where the malaria control program had distributed nets to all houses, might account for the difference in transmission rates. However, we could not test this hypothesis in the data set, because the (9) systematic difference in bed net usage between the two sites was tantamount to epidemiological confounding. Further investigation is required to evaluate other possible risk factors, such as environmental determinants of vector populations and housing conditions, in addition to direct assessment of the potential protective effect of nets. Many questions remain to be answered regarding transmission of VL in Bhutan. Actions that could help to clarify the situation include establishment of an appropriate surveillance system and a more in-depth retrospective analysis of reported cases. Because the potential for false positive results by rapid test is especially worrisome in a low incidence setting such as Bhutan, parasitological confirmation should be recommended in all cases, followed by a rapid epidemiological assessment of each case. This should include a search for more cases nearby, evaluation of possible reservoirs, isolation and characterization of the parasite, and vector studies. The potential protective impact of bed nets should also be evaluated. 
